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MULTI ZpNE_CRAgaNG_jm^ 



Y^Y^^ "'^ ™ INVENTION 
The present invention relates generally to an apparatus 
.r t.er.allv Lcin, a hv.rocar.on ^-^^^--^^ 
the present Invention relates to an apparatus 
improved operational flexibility of the furnace. 

irntiiir nr invention 

The p^^=in;^^^i^^7^;^^^^-* ""'TTl 

■ f ,.^inahlG olefinic materials, such 

rrrr:r:rr:.'"r:rr~...-..r:'r..:::: 

and propane as the feedstoc n^hter hydrocarbons has 

hy.rocar.on feedstocks is the thermal ^^^^^^^^Z:: 
process, hydrocarbons undergo crac.rng at elevated P^^^ ^^^^^ 

produce hydrocarbons ""'^^"^"^.^ ^i,, hydrocarbon 

----- ^d Ts":?!:::: t a furr coiised Of both a 
to be cracked is ■^^^^J^-; hydrocarbon is initially 

convection and radiant heatrng zone. ™« J ^^^^ 
preheated in the convection zone ° ,3 
„hich Significant reaction iS -^"f^^^'j ,„,,„,e heat 

delivered to the radiant zone „he e . sub^e ^^^^^ ^^^^^^^^ 

from radiant burners. Examples , 407 121 (Bailee) , 

processes are shown in United States Patent 

L united States Patent No. 5,147.311 ("^^ 

Illustratively, in the prior art, process fi 

. .X. u^oi- fnr the reaction. 
are used to provide the requisite heat "-"l ^.^^^ 

through a plurality of coils within the fi 
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transfer to the hydrocarbon flowing through the colls. The cracKed 
effluent is then preferably quenched either directly or indirectly 

to terminate the reaction. In conventional /^"^''^^ 

1 ^ ;:^c:c;iqt in reducinq coke 

dilution steam is also employed to assist 

formation in the cracking coil. . „ of 

in recent times, industry is requiring the building of 
larger plants which have increased capacity but which ^^/^ 
numbers of reactors. Thus, there has developed a ^J^^Jf^ 
to provide larger furnaces which are also flexible enough to an. e 
a variety of different feedstocks to produce a variety of 
Olefin products. Because each different feedstock and desired 
product Slate entails the use of different reaction conditions, 
rimarily. reaction temperature and reaction residence time n ne 

of the currently available furnace technologies ar, ---^ 

previous attempts in the prior art to meet these increased capaci y 
and flexibility requirements in a single furnace have proved 

'"^""""ft' would therefore represent a notable advance in the 
state of the art if a furnace were developed which solved the 
problems of the prior art furnaces as described above. 

.jllMMARY OF THF PPrSEMT INVENTION 

It is an object of the present invention to provide an 
improved apparatus and process having increased flexibility for the 
pyrolysis cracking of hydrocarbons to olefins. 

Accordingly, the present invention provides a furnace for 
cracking hydrocarbon feed to produce olefins. 
comprises: ,a, at least one fired radiant chamber, "herein ech 
tired radiant chamber is divided into at least two eparate 
independent radiant zones by a fired radiant c--^" ^^^^^ ^ 
means; (b) at least one radiant burner in each zone of the f red 
:::ra;t Chamber; ,c, a convection chamber in direct communication 
with said fired radiant chamber; (d) at least one process coil for 
„,ch separate Independent radiant zone, wherein each process coil 
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extends Into one of the separate Independent radiant zones before 

„, the furnace; ,e, a flue for discharging flue gas located a 
the top Of the convection furnace; and ,f) a means for 
independently controlling the radiant burners In each separate 

independent radiant zone. 

HRTKF DESCRIPT ION OF THE DRAWI NGS 

FIGURE 1 depicts in schematic form an embodiment of the 

nrpsent invention. ^ 

FIGURE 2 illustrates a top cross sectional v.ew of an 

embodiment of the present invention. 

detmled.descmp™n_^^ 

The multl zone cracking furnace oi f» 
will be described In relation to the furnace of Figure ^ "'l-^ 
four separate and Independent cracking zones. However, rt rs to be 
understood that the present application Is not Un-lted rn any way 
understooa t . ,.„„ ,11 obvious modifications which 

to this detailed description, and all obvio ..„,^„.k„, in 

this detailed description suggests to those of ^\ ^ 

the art are also contemplated by the present application and 

appended claims. ^ 

Referring to Figures 1 and 2, there 1 
„ultizone pyrolysis furnace 2 of the present nvention^ The 
furnace 2 Is provided with a convection section 4, a first re 
radiant chamber 6 and a second fired radiant chamber 8. The first 
iired radiant chamber 6 is provided with a dividing wall 10 to 
d vide the first radiant chamber 6 Into a first separate 
divide tne I separate Independent 

rarrrne":.^" h;::co;: ;r rld^nt chamber S IS provided 
t a d^ldlng wall 16 to divide the second " : 

a third separate independent radiant zone 18 and a fourth separate 

independent radiant zone 20. ^. ,,^11*? 

in the embodiment of Figures 1 and 2 the dividing wal s 
,„ divide their respective radiant chambers into 
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However, it will be appreciated by those of ordinary s.ill in the 
art tha; the dlvldln, wall .ay be located in the - 
unequal area separate Independent radiant zones. Additionally, 
Z than one divldln, wall, or any combination ol number o 
d idln, walls, ™av be employed In the radiant chambers o, he 
£ mace For example. In the first radiant chamber, two dividing 

, H t„ divide the first radiant chamber into 
walls could be employed to divide the lir 

three equal area independent radiant zones, and in the second 
rant Chamber, three dividlnq walls could be employed to ivid 
the second radiant chamber into four unequal independent radiant 



zones 



The dividing wall can be made only of a material which 
can Withstand the temperatures in the radiant zone of the reactor 
Which can exceed temperatures of nOO»P -oroingi,, .... 

wall may be ^^^'^ . :^^-:^^Z^:^ ^^o.. ...... 

w^n mav also be comprised of a ciOT:n i^yy^ 

or may be a curtain made of this material, alone or i" combination 
°ith a ceramic fiber material. In this type of embodiment the 
::rtain is bung from rod supports. Other materials which provide 
similar thermal properties may be used. 

Nextel is a tradename of the 3M Company for a family 

^ Npvtel fibres are made from a 

ceramic fiber textile products. Nextel fio fvDlcallv 
synthetic precursor, not molten refractory oxides as are tYP^cally 
the case wltb ceramics. The synthetic fiber is formed in a 

o Lrnuous length to a controlled diameter and are -n pyro yz 
to convert the synthetic materials into a ceramic. 
fUlament ceramic fibers are spun into yarns and ^o^'^J^^^.Z 
then be used to weave, braid, .nit or twist a variety of tex i 

. ^- =. f^hT-ir for the curtains of the present 
^"n'or";;errr:;Tor uir: the present Invention is «extel 
r:rch\s composed of alumlna^smca/boria. Also contemplated 

for- iiQfi herein is Nextel 440. 

It IS important to the practice of the present invention 
... dividing wall be constructed so that the conditions in one 
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effect the conditions in an adjacent separate independent rad.ant 

xn tMs manner, the conditions in each adjacent "d.ant . 
can be independently and separately controlled by adjustment of the 
radiant burners along the wall and/or floor of the zone as 

described hereinbelow. „ hf» 

1 i-v.^ fiiT-nflre 2 can be seen to be 
Returning to Figure 1, the furnace ^ 

n= 99 r-pntrallv disposed walls 24, a root 
comprised of outer walls 22, centraixy u ^ .,,=,11 

.'floors 2e and a chamber separating floor 30. Conventiona I w 
burners 32 are arranged in an array along the ^"^^^ ^^^^ ['j;;^ 
centrally disposed walls 24. Additional conventronal floor burners 

re arranged in an array along the floors 28. The burne 
and 34 .ay be supplied in conventional .anner "^^"^ — ^J^^^""^ 
other combustible gas or finely dispersed ---'i:!™ 
manifolds or individual pipes leading to eaon ourn=x -„..^. .--^ 
Shown. The particular type of radiant heat burner ^^^^^"^ = 
associated therewith need not be described -""^^/^/Z;^ 
wen Known and are conventional in the art. Any type °' 
heat burner can be used which provides Z^^"';^^; 
heat by radiation. Important to the present invention iS that each 
burner or array of burners in each independent radiant zone be 
Teparately and independently controlled, such as by regulatrng the 
a: :: of^uel suppued to the radiant burners. Xn this manner 
the cracKing temperature in each separate and independent radrant 

zone may be separately and independently controlled, 
zuiit: may ^ reiuoving 
The furnace is also provided with a flue Jt> 

flue gases from the burners In a line 38. 

The furnace 2 of Figure 1 is also provided with four 
process coils. The first process coil 40 is preheated -~ 
42 in the convection chamber 4 and then proceeds '^-"'Yproce 
first separate independent radiant zone 12. The 
coil 44 is preheated in exchanger 46 in the convection chamber 4 
nd then proceeds through the second independent radiant zone • 
The third process coil 48 is preheated in exchanger 50 and then 
! . 'ou.h the third independent radiant zone 18. The four h 
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t.e fourth ind.pen..nt ra.iant .one 20. In ri,ure 2 for 
e.a.p.e. eac. r.aiant o. ..e .0.. , ^3, 

is provided with two process coxls, 40A, 40B, 44A, 

"LrTrtr:;oce.s cons oan .naepen.en..y .e o« 
.eparate Xen^t.s an./o. configurations. C.n.raliy. -^^/J^^ 

--.ea verticaii. in - ;o:;^:::a:Ln. 

of serpentine configurations. Other pro 

, ^ • ar-t are also contemplated tor ube 

r;::n^rc^rr.ror:;r.n::. ...a a„. .neraiiv 

one portion proceeding downward into the independent radrant .one 

-turn connecting .one. and one portion proceeding ^'^^^ 
tne independent radiant .one. Depending on the amount of^ product 

-..d a oarticular independent radiant .one ca.. 

desired, a parr-icuxaj. ^ -i^ ^c: nf^ressarv to 

.one .ay be provided with fro™ 1 to about 20 or 
'^^^"""^.ach Of the coiis fro. the independent — ^ 

=: of t. 

provided wit q quenching apparatuses known to 

effluent product gases. Any m r^r;*rl-ice of the 

those skilled in the art may be employed in the practice of 
those -'^^ll^ et al.. United States Patent 

present invention. See, e.g ^^^^emplated by the present 

NO. 5,427,655. Additionally, it is -"^^ J quenching 

a first feed stream of ethane at a temperature of about 70 F to 
bit 80"F is fed into coil 40 which is preheated in exchanger 42 
about 80 F iS fed ^ temperature in 

in convection section 4, wherein 
the range of from about 1100°F to about 1200°F. 

n,„-,na the preheating step, depending on the boiling 
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vaporized. Also, in processes where steam is used, steam .s added 
to the feed prior to the feed being introduced into the radrant 
zone. For example, the steam can be added at points in the preheat 
section, preferably where the feed is at least 70» vaporized. The 
steam when added in this manner acts to completely vaporize the 
feed by reducing the hydrocarbon partial pressure. The steam also 
functions to maintain low hydrocarbon partial pressure in the 
radiant zone for improved cracking efficiency and reduced coking. 

Again, in each of the process coils, differing amounts of 
steam may be added to each of the coils depending upon the desired 
cracking to be performed in the process coils, i.e., the type 
feedstock and the desired product slate. 

The coil 40 then proceeds into the first separate and 
independent radiant zone 12 wherein it is heated by radiant heat 
supplied from the radiant burners 32 and 34 along the walls and 
floor of the first separate and independent radiant zone 12. 
Typically, an ethane feedstock will be cracked at a temperature 
ringing from about 780»C to about lOOO'C for a residence trme of 
from about 0.01 seconds to about 0.08 seconds. 

independently, but concurrently, process coil 44 
provided with a propane feedstock at a temperature of from about 
,0"F to about 80»F and is preheated in the / ^ 

exchanger 50 to a temperature in the range of from about 1100 F to 
aLt 1200 = r. The process coil 44 then proceeds into the second 
separate and independent radiant zone wherein it ^"^^"^ 
radiant heat supplied from the radiant burners 32 and 34 along the 
walls and floor of the second separate and independent radiant zone 
H Typically, a propane feedstock will be cracked at a 
temperature ranging from about 780"C to about 1000»C for a 
residence time of from about 0.01 seconds to about 0.08 seconds 

Although both first and second radiant heating zones 12 
and 14 are located in the same radiant chamber 6, the temperature 
in each zone may be separately controlled due to the provision of 
.ividlna wall 10 and the control of the amount of fuel burnt in the 
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^eedstoCs .ay be erased In the sa^e radiant chamber at separate 
and independent conditions, thereby allowing in,proved flexibility 

» nf course If desired, both process 

in the cracking operation. Of course, ii , 

coils 40 and 44 could be provided with the sa.e feedstock and 
cracked at substantially the same conditions. 

A third feed stream of naphtha at a temperature of about 
,0«F to .bout 80OF is fed into coil 48 which Is preheated in 
exchanger 50 in convection section 4, wherein ' 
temperature in the range of from about 1100»r to about 1200 F 
The coil 48 then proceeds into the third separate and independent 
r Ilant zone 18 wherein it is heated by radiant heat 

c 79 «nH -^4 alonq the walls and floor of tne 
the radiant burners 32 and J4 aiony 1.1 . m « 

.hird separate and Independent radiant zone 18 ^^^^^^ 
naphtha feedstock will be cracked at a tempera.u., -- 
about 780»C to about 1000°C for a residence time of from about 0.01 
seconds to about 0.08 seconds. 

independently, but concurrently, process coil 
provided With a vacuum gas oil (VGO, feedstock at a temperature of 
from about 70«F to about 80«F and is preheated in the convection 

ne 4 in exchanger 54 to a temperature in the range °^ 
UOO'F to about 1200°F. The process coll 52 then proceeds into the 
fourth separate and Independent radiant .one 20 wherein it 
heated by radiant heat supplied from the radiant burners 32 and 34 
long the walls and floor of the second separate and -''^Pend en 

radi!nt .one 20. Typically, a V30 feedstock '^^^^ ^^JJ^^'^J^ 

^ 7Rn°r to about loou l luz. a 

temperature ranging from about 7BU c to 

residence time of from about 0.01 seconds to about 0.08 seconds 

Although both third and fourth radiant heating .ones 18 
.nd 20 are located in the same radiant chamber 8, the temperature 
in each zone may be separately controlled due to the P— ^ °^ 
dividing wall 16 and the control of the amount ^^^^^^^^e 
radiant burners of the radiant heating zone. Thus -o d f fere 
feedstocks may be cracked in the same radiant chamber sep te 
,„d independent conditions, thereby allowing Improved flexibility 
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coils 48 and 52 could be provided with the same feedstock, or could 
be provided with a similar feedstock as being cracked in process 
coils 40 and/or 44 and cracked at substantially the same 

conditions. 

Alternatively, where the full capacity of the furnace 2 
is not required, one or more of the separate and independent 
radiant zones may be left idle by use of steam in the coil without 
effecting the cracking processes proceeding in the radiant zones in 
use. This further provides improved flexibility to the cracking 
apparatus of the present invention. 

Many variations of the present invention will suggest 
themselves to those skilled in the art in light of the above- 
detailed description. For example, although the process of the 
present invention has been exemplified witli ethane, propane, 
naphtha and VGO feedstocks, other feedstocks known to be used as 
feedstocks in radiant furnace pyrolysis cracking can also be 
employed within the practice of the present invention. All such 
obvious modifications are within the full intended scope of the 

appended claims. 

All of the above-referenced patents, patent applications 

and publications are hereby incorporated by reference. 



